Lipases are an important group of enzymes with various applications in the food, chemical and pharmaceutical industry, besides having great interest for the treatment of effluents with high lipid content. The objective of this study was to isolate, characterize and select lipolytic bacteria that produce lipase from aqueous waste effluents and to study the enzymatic activity kinetics of the extract obtained via submerged fermentation. The results obtained are promising, being possible to isolate and characterize 23 lipase-producing microorganisms, mostly gram-positive bacteria, but after the fermentation step in a liquid medium, gram negative bacteria showed the highest enzymatic activity (56.72 U.L -1 for STP 2A` bacterium and 81.99 U.L -1 for R2B). In the enzymatic activity kinetic study with the selected bacterium (R2B), among the six variables (temperature, pH, minimal mineral medium, soybean oil, glucose and sodium nitrate), temperature was the one that most positively influenced the enzymatic activity, and the best results were obtained at 40°C. It was concluded that the enzyme extract obtained from environmental waste may be used to treat the effluent and contribute to reduce environmental impacts.
INTRODUCTION
Lipases (triacylglycerol acylhydrolases, EC3.1.1.3) are water-soluble enzymes that catalyze the hydrolysis of ester bonds of insoluble triacylglycerols, releasing free fatty acids, mono-or diacylglycerolin into the oil-water interface (Treichel et al., 2010) . These enzymes catalyze a wide range of reactions such as hydrolysis, esterification, trans-esterification, alcoholysis, acidolysis and aminolysis (Joseph; Ramteke; Thomas, 2008) , and may be of animal, microbial or plant origin, with variations in catalytic properties, and can be obtained by solid-state fermentation or submerged fermentation (Annibale et al., 2006; Rigo et al., 2010; Papagora; Roukas; Kotzekidou, 2013) .
Lipases are an important group of enzymes with various applications in the food, chemical and pharmaceutical industry, besides having great interest for the treatment of effluents with high lipid content (Jeganathan; Nakhla; Bassi, 2007; Ertugrul; Donnez; Takac, 2007) . The use of lipases in effluents with high lipid content aims to hydrolyze triacylglycerides, reducing levels of suspended solids and lipids, thus avoiding the formation of oil films in pipelines. The use of enzymes in environmental biocatalysis meets the strong tendency of governments to intensify constraints to environmental Production of lipase extrated from...
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Ciênc. Agrotec., Lavras, v.38, n.6, p.562-572, nov./dez., 2014 pollution. However, the high cost of commercial enzymes makes commercial enzyme treatment very expensive. Thus, the search for low-cost treatment in addition to the use of effluents has increased the interest in the production of enzyme extracts with high yields (Leal; Freire; Sant`Anna, 2002; Salihu et al., 2012) .
The production of lipases requires the study of fermentation conditions, relating carbon and nitrogen sources to temperature and pH conditions (Silva et al., 2005; Matsuoka; Miura; Hori, 2009) . Some studies have reported the use of some low-cost substrates in the production of enzyme extracts such as soybean oil and food industry by-products as an alternative to reduce production costs and contribute to agro-industrial sustainability (Kona; Qureshi; Pai, 2001; Nascimento et al., 2007) . Other studies have reported that lipase production by bacterial strains is the most common, and these generally have higher enzymatic activities of fungi, are often thermostable and mostly extracellular, thus facilitating their extraction from the fermented medium (Hasan; Shab; Hameed, 2006; Li; Zong, 2010) .
In addition, the use of the effluent in the production of lipases is an alternative to reduce the enzyme production cost, allied to the fact of using the effluent. The production of lipases using the effluent may be feasible, since it has a high load of nutrients still available for microbial growth and enzyme extract production.
The presence of lipids in the effluent enables the production of lipases, since these are used as a carbon source for microbial growth (Rodeva; Hemkemeier; Colla, 2010). Thus, the aim of this study was to isolate and characterize strains of lipolytic bacteria that produce lipase from aqueous waste for later use in the treatment of agro-industrial effluents waste and to study the enzymatic activity kinetics of the extract obtained via submerged fermentation.
MATERIAL AND METHODS

Effluent
The effluents used for the isolation of lipolytic bacteria were collected in 1 L bottles properly sterilized in the local Sewage Treatment Plant (STP) in two distinct points: grease trap and anaerobic treatment tank, and also in the residential grease trap, both of Goiânia -GO, Brazil.
Microbial enrichment of the oily residue
The three effluents collected were divided into two samples: A1 (pure effluent) and A2 (enriched effluent). A 20-ml aliquot of the residue was transferred to a 250 ml Erlenmyer flask containing 100 ml of minimal mineral medium (MMM), 10% (v / v) of commercial soybean oil (Liza, Cargill, Brazil) and 1 % (v / v) of fungicide Nystatin (Germed, Orlândia, Brazil). One liter of MMM has 1.0 g NaCl, 5.0 g (NH 4 )SO 4, 6.2 g Na 2 HPO 4 , 0.3 g MgSO 4 .7H 2 O and 0,9 g KH 2 PO 4 . The flasks were incubated on a rotary shaker (Tecnal, Piracicaba, Brazil) at 30°C, 120 rpm for 96 h . So the test was conducted in a completely randomized design with a 3x2 factorial arrangement, totaling six treatments and two original replicates, amounting to twelve reactors in this enrichment step.
Isolation and selection of lipolytic bacteria
For microbial isolation, 20 μL of each treatment were transferred to Petri dishes (striae inoculation technique) containing 40 ml of solidified MMM, 0.1% v/v nystatin (fungal growth inhibitor), 5% refined soya oil emulsified with 1 % v/v Tween 80 (Neon, São Paulo, Brazil) and 1 % v/v indicator Rhodamine B (Inlab, São Paulo, Brazil), according to methodology proposed by Papagora, Roukas and Kotzekidou (2013) . The plates were kept in an incubator at 30°C for 96 h. Two replicates for each plate and a negative control for each treatment were performed. After this period, the colonies were submitted to UV light of 350 nm with the aid of a UV chamber (Prodicil, Curitiba, Brazil) . Those that exhibited fluorescent orange halo were identified as lipolytic bacteria and isolated on nutrient agar (Rodrigues et al., 2010; Papagora; Roukas; Kotzekidou, 2013) .
Characterization of microorganisms
The colonies previously selected as positive in the rhodamine test (exhibited fluorescent orange halo) were submitted to the Gram test and to biochemical tests for catalase, coagulase, indole and methyl red (MR) according to methodology proposed by Hajdenwurcel (1998) and Sneath, Mair and Sharpe (1986) . Negative control was performed with Escherichia Coli (Gram negative) and Staphylococcus Aureus (Gram positive) strains.
Production of enzyme extract via submerged fermentation
The microorganisms previously selected as lipolytic bacteria were used for the production of the enzyme extract in liquid medium. Fermentations were carried out in reactors with capacity of 125 ml, where 40 μL of each strain was transferred to two different substrates to obtain the following enzymatic extracts: S1 (pure effluent) and S2 (minimum mineral medium (MMM) + soybean oil (5 % v/v). Reactors were incubated at 30°C for 72 h under stirring (50 rpm) in water bath (Tecnal, Piracicaba, Brazil) . Upon completion of fermentation, the extraction of extracellular enzymes took place. One aliquot of 10 ml of each reaction medium was centrifuged (TG 16-WS Tabletop High Speed Centrifuge) at 2000 rpm min -1 for 15 min. Supernatants were used as enzyme extract for analysis of the enzymatic activity.
Enzymatic activity determination
The enzymatic activity was determined by spectrophotometric method (Spectrophotometer photonics BEL, Monza, Italy) according to methodology described by Parul, Sulakshana and Gupta (2005) which is based on the hydrolysis of p-nitrophenyl palmitate (p -NPP), resulting in a yellow color that is enhanced in alkaline pHs. About 30 mg of p -NPP (Sigma) were dissolved in 10 mL of isopropanol (Neon, São Paulo, Brazil) and 207 mg of sodium deoxycholate (Sigma, city, country) and 100 mg of gum arabic (Synth, city, country) in 90 mL of phosphate buffer solution (pH 8.0). Then 2.4 ml of this substrate solution was added to 100 μL of sample. The mixture was incubated for 15 min in water bath at 37°C and readings were made in spectrophotometer at 410 nm. Enzymatic activity unit (U) was defined as 1 mmol. min -1 of p -nitrophenol released from the substrate, according to equation 1:
RESULTS AND DISCUSSION
Isolation and selection of lipolytic microorganisms
From the media used for the isolation of strains, twenty three microorganisms were isolated, seven from residential grease trap (R), sixteen from STP (eight from the grease trap (STP) and eight from the treatment tank (T)). The encoding used for the isolated microorganisms were : R1A, R1B, R1B', R2A, R2A', R2B, R2B', STP1A, STP1A', STP1B, STP1B', STP2A, STP2A', STP2B, STP2B', T1A, T1A', T1B, T1B', T2A, T2A', T2B, T2B', being, respectively, R1/STP1/ T1 (pure effluent) and R2/STP2/T2 treatment T2 (enriched effluent). Figure 1A shows the plates used for selection of lipolytic bacteria, showing fluorescent orange coloration around colonies. It was also observed that the pre-enriched reactors showed higher number of colonies (left plate in figure 1B ), but this result should be confirmed (the next step) with the enzymatic activity of isolated and fermented strains. Table 2 shows the results of biochemical  characterization and Gram test and table 3 shows the results of the enzymatic activity of the 23 previously selected microorganisms, where each bacterium was fermented on two different substrates S1 (pure effluent) and S2 (mineral minimal culture medium supplemented with 5 % soybean oil). The characterization results revealed that the majority of bacteria from aqueous waste was classified as Gram positive, and only four were classified as Gram negative (STP 2A', T1A, R1B' and R2B). According to Semionato (2006) the lipolytic bacteria isolated from grease trap were Gram negative bacteria belonging to genus Pseudomonas, which produced extracellular lipase. However, a wide range of bacteria characterized as gram-positive (Burkoholderia glumae, Staphylococcus aureus, Staphylococcus xylosus produce lipase on an industrial scale (Messias et al., 2011) . In relation to colony morphology, the bacteria showed different morphologies (rods, cocci and bacillus). Biochemical tests revealed that all are coagulase positive, mostly positive catalase (with the exception of T1B`) and negative indole. Regarding the methyl red test, the results revealed a balance between positive and negative. According to Winn et al. (2010) , Gram positive bacteria may have positive or negative catalase and / or positive or negative coagulase. These results allow a better characterization of the type of lipolytic bacterium isolated from aqueous wastes.
Characterization of bacteria, fermentation and enzyme extract
Abs Vol
Where: Abs: Absorbance a 410 nm; Vol: volume of substrate solution (mL); Ɛ: molar extinction coefficient of p-nitrophenol (18,5 mL µmol -1 cm -1 ), T temperatura (ºC); p: volume of sample (mL).
Enzymatic activity kinetics
The lipolytic bacteria that showed the highest enzymatic activity was used in the kinetic study that determined the enzymatic activity. Six variables were evaluated: pH, temperature and components of the culture medium as MMM, soybean oil, glucose and sodium nitrate (NaNO 3 ). The reactors were incubated at different temperatures (20, 30 and 40°C) under stirring (50 rpm) in water bath, and the enzymatic activity was measured at times of 24, 30, 48, 53 and 72 hours of fermentation. The experimental design (levels of variation -1 to +1) totaled 18 experiments (Table 1) . The results were submitted to analysis of variance, and the effect of variations was estimated with the aid of the Statistica 7.0 software. Tabela 1 -The experimental design -Levels of variables on the enzymatic activity kinetics.
The enzymatic activity results showed that microorganisms with increased lipolytic activity were those grown on substrate S2 (mineral minimal culture medium supplemented with 5 % soybean oil). Microorganisms grown on substrate 1 (pure effluent) did not reach high enzyme activity, indicating the importance of the culture medium in the production of microbial lipase. For example, T2A and R2A microorganisms obtained enzymatic activities respectively 37% and 55% greater than when grown on Table 2 -Biochemical characterization of selected lipolytic bacteria.
Lipolytic bacteria
had no microbial growth
. In this context, the lipolytic bacteria that obtained the highest enzymatic activities were STP2A´, STP2B, T2A and R2B, originating from different waste sources such as grease trap from the STP and also residential grease trap, demonstrating the strong potential of this waste in the sustainable production of lipases, which could be subsequently used in the treatment of this effluent. These results also show that Gram-negative bacteria had higher enzymatic activity (STP2A', R2B), which is consistent with some authors such as Semionato (2006) , who obtained for lipolytic Gramnegative bacteria belonging to genus Pseudomonas increased production of extracellular lipase. These authors also showed that some lipolytic bacteria can be Gram positive such as Clostridium, Bacillus and Staphylococcus; however, the lipolytic activity of these bacteria is less significant than that of Gram-negative bacteria. These results are similar to those obtained by Rocha et al. (2013) and Matsumiya et al. (2007) , who isolated microorganisms with high potential for lipase production from aqueous waste and obtained better results with Gram negative bacteria.
According to results obtained in this first step of enzymatic activity quantification in the production of the enzyme extract, bacterium R2B and culture medium S2 were selected. In this context, the variables that could affect the fermentation process for the production of enzyme extract were studied by the enzyme activity kinetics.
V. M. Methyl red test; R1/STP1/T1 treatment T1 (pure effluent) and R2/STP2/T2 treatment T2 (enriched effluent). Enzyme Activity Kinetics Table 4 shows the results of the enzyme activity kinetics obtained by fermentations conducted with bacterium R2B. These results show that for all reactors studied in all experimental conditions, the enzymatic activity reached a peak between 48-53 h of fermentation and this value decreased after 72 hours of experiment. Figure 2 shows this decrease in reactors 1-4. These values indicate that there was increased production of enzymes at the exponential phase and early stationary growth phase, as also reported by Bussamara et al. (2010) .
According to data obtained (Table 5) , it was demonstrated that among the six variables studied to obtain the enzyme extract to be used in wastewater treatment, temperature was the variable that most influenced the enzymatic activity results. In fermentation times of 24, 30, and 72, the temperature always had a positive effect, which means that when temperature increased, the enzyme activity also increased. These results were confirmed by the high lipolytic activity of reactors 3-5 at 40°C (Figure 3) . Bussamara et al. (2010) also observed a direct relationship between enzymatic activity of lipase and temperature, which increased from 30 to 50°C. The high enzymatic activity at 40°C of lipases isolated from aqueous waste bacteria was similar to that obtained by lipases from Gram negative bacteria belonging to genus Pseudomonas studied by Gaur, Gupta and Khare (2008) and also bacteria of genus Klebsiella variicola studied by Willerding at al (2012) . STP (Grease trap from the Sewage Treatment Plant), T (treatment tank) and R (residential grease trap), S1 (culture medium: pure effluent) and S2 (culture medium: minimal mineral medium + soybean oil).
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Ciênc. Agrotec., Lavras, v.38, n.6, p.562-572, nov./dez., 2014 Although the results revealed pH as a non significant variable (p> 0.05), there was a negative trend at all times (24, 30, 48, 53 and 72 hours) , or when the medium pH increased, the response, i.e., the enzymatic activity decreased (Figure 4) . Some authors such as Matsuoka et al. (2009) , consider pH as an important variable in the extraction process of microbial lipases, thereby having a positive effect on the enzymatic activity of lipases.
The carbon sources (soybean oil and glucose) were not significant in this study, but a negative trend was also verified in some times of the kinetic study. Figure 5 shows the Pareto chart of standardized effects on the response enzymatic activity at 72 h, allowing viewing these effects. Other studies have obtained similar results, where the enzymatic activity of lipase was affected by increased carbon sources such as soybean oil (Hasan-Beikdashti et al., 2012) . 
CONCLUSIONS
This study demonstrated that it was possible to isolate lipolytic bacteria to be used in the production of lipases from environmental waste. Twenty-three microorganisms were isolated and characterized, and bacterium R2B showed higher enzymatic activity under the conditions studied. The kinetic study demonstrated that temperature was the variable that most influenced the enzymatic activity results, obtaining higher values at 40°C. There is high potential for the use of domestic aqueous waste in the sustainable production of enzymes, reusing waste in their production process.
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